coronary artery stenosis; microvascular dysfunction; remodeling CARDIOVASCULAR DISEASE REMAINS the main cause of death in the United States, despite substantial advances in diagnostic and therapeutic tools. One in three American adults have cardiovascular disease, and more than half of these subjects are younger than 60 yr (30) . Although the clinical focus has been on the large coronary arterial system, coronary artery stenosis (CAS) only becomes hemodynamically significant at rest when the stenosis is Ͼ70% of the arterial lumen (14) . In fact, the myocardial microvasculature is responsible for Ͼ70% of the coronary resistance under normal conditions and plays a pivotal role in regulating myocardial vascular resistance and flow (4) .
Hypertension (HT) is a major risk factor for coronary heart disease and impairs microvascular function (24) and myocardial perfusion, especially in patients with left ventricular (LV) hypertrophy (15) . It is increasingly recognized that the initial site of cardiac injury in early HT is often at the level of the myocardial microcirculation. We have previously shown (29, 41) that early experimental HT is characterized by microvascular dysfunction and impaired myocardial perfusion responses, which in turn may be accompanied by episodes of ischemia and consequently stimulate vascular growth. Indeed, myocardial microvascular proliferation and dysfunction observed in HT is associated with an increase in the expression of vascular endothelial growth factor (VEGF) (42) . We have recently demonstrated (42) that these new microvessels can function as coronary collaterals and potentially play a role in protecting the myocardium from acute ischemic insults at an early stage of HT. However, newly formed microvessels are often thin-walled and abnormal, provide entry points for inflammatory cells (32) , and might thus eventually lead to tissue damage. Therefore, whether such microvessels confer protection when HT is superimposed on chronic CAS remains to be elucidated.
Microvascular permeability (MP) (2, 10, 23, 25) , an index of endothelial barrier function, and myocardial perfusion (27, 28, 42) can both be assessed noninvasively by fast computerized tomography (CT). The present study addressed the hypothesis that HT modulates myocardial microvascular adaptive responses to chronic CAS. The hypothesis was tested in a unique pig model of renovascular HT and chronic CAS with the use of in vivo and in vitro imaging tools to assess microvascular function and architecture.
METHODS
Animal experiments. All animal procedures followed the Guide for the Care and Use of Laboratory Animals (National Research Council, Washington, DC: National Academy Press, 1996) and were approved by the Institutional Animal Care and Use Committee. Twenty-four female domestic pigs (initially weighing 25-35 kg) were randomized into four groups (n ϭ 6 each): normal, CAS, renovascular HT, and CASϩHT. CAS and renovascular HT were induced at baseline by placing a local irritant coil in the left circumflex coronary artery (LCX; Fig. 1A ) and the main renal artery, respectively, via vascular catheterization, as previously described (8, 28, 29, 36, 40) . This approach leads to renovascular HT within 5-7 days, as we have shown before (7, 11) . Mean arterial pressure (MAP) was measured by a PhysioTel telemetry system (Data Sciences) implanted at baseline in the left femoral artery. Aspirin (650 mg/day) and amiodarone (200 mg/day) were given orally 2 days before coronary coil placement to prevent complications (e.g., acute thrombosis and arrhythmia). Amiodarone (150 mg in 100 ml saline) was also infused intravenously during the procedure.
After 6 wk of observation, pigs were anesthetized (ketamine 15.7 mg·kg Ϫ1 ·h Ϫ1 and xylazine 2.3 mg·kg Ϫ1 ·h Ϫ1 in saline) and ventilated for CT study. Catheters were then placed fluoroscopically through carotid vascular sheaths in the right atrium for injection of contrast media; a sidearm was used for subsequent administration of adenosine (5) . Fast CT studies were performed to assess cardiac function and structure in vivo, myocardial perfusion and MP (before and after adenosine), LV muscle mass (LVMM), and systolic and diastolic cardiac function (10, 29, 40) . Oxygen consumption was assessed by the double product of systolic blood pressure and heart rate during the study. Systemic venous blood was drawn to measure plasma renin activity (PRA). A few days after completion of the in vivo studies, the pigs were euthanized with pentobarbital (100 mg/kg) and lateral wall LV tissue from the area at risk distal to the coil was harvested for in vitro studies. LV myocardial segments were fresh frozen or preserved in formalin, and another segment was prepared for micro-CT studies. Microvascular architecture was assessed by evaluation of microvascular density and wall thickness, inflammation by the infiltration of T lymphocytes and macrophages, and myocardial fibrosis by the expression of collagen I and matrix metalloproteinase (MMP)-9 and by trichrome staining. Vascular integrity was evaluated by the expression of anti-zonula occludens-1 (ZO-1), a tight junction protein that regulates endothelial barrier function and overexpresses in response to strain (9) . To assess angiogenic activity, VEGF, its receptor (FLK-1), basic fibroblast growth factor (bFGF), Notch-1, and its receptor delta-like ligand 4 (DLL4) were also evaluated.
In vivo CT studies. To evaluate cardiac and microvascular function in vivo, pigs were scanned by 64-slice multidetector CT (MDCT, Somatom Sensation-64, Siemens Medical Solution, Forchheim, Germany) as previously described (10, 18) .
Briefly, mid-LV levels were selected for measurement of microvascular perfusion and function. A 50-s flow study during respiratory suspension at end expiration immediately followed a bolus injection of nonionic, low osmolar contrast medium (Isovue-370, 0.33 ml/kg over 2 s) into the right atrium. Fifteen minutes later the functional study was repeated during a 5-min intravenous infusion of adenosine (400 g·kg Ϫ1 ·min Ϫ1 ). Two parallel 6-mm-thick cardiac sections were studied throughout the cardiac cycle with a full-scan reconstruction (330 ms) with a 50-ms scan reconstruction increment. For cardiac systolic and diastolic functions and LVMM, the entire LV was scanned 20 times throughout the cardiac cycle to obtain multilevel images.
CT data analysis. All images were analyzed with the Analyze software package (Biomedical Imaging Resource, Mayo Clinic, Rochester, MN). For LV size and systolic function, the LV endocardial and epicardial surfaces were traced at end diastole and end systole. LV ejection fraction, stroke volume, cardiac output, and LVMM were calculated as previously described (26, 40) . For diastolic function, the LV cavity volume was calculated throughout the cardiac cycle and plotted as a function of time. Early (E) and late (A) LV filling rates were calculated from the positive slopes of the curve, as we described previously (18, 40) . Systemic vascular resistance was calculated as MAP ϫ 80/(cardiac output). For microvascular function, regions of interest were traced at end diastole in the LV lateral wall myocardium ("area at risk") as well as in its subepicardial and subendocardial regions. The time-density data were then used to assess MP by the Patlak method (10, 18) (arbitrary units) and myocardial perfusion with the indicator dilution technique (27, 28, 40, 42 ), as we previously described.
Angiography and stenosis assessment. A guide catheter was positioned under fluoroscopic guidance (Siemens Siremobil Compact) in the left main coronary artery for selective injection of contrast media. The images were recorded, and the degree of CAS was assessed off-line (with a quantitative coronary angiography system) as the decrease in luminal diameter of the LCX at the most stenotic point compared with a stenosis-free segment (6, 42) .
Micro-CT study. Micro-CT was used to evaluate myocardial microvascular architecture, as previously shown (18, 42) . Briefly, the heart was excised and perfused under physiological pressure with Microfil (MV-122, Flow Tech) through a branch of the LCX distal to the CAS, and a myocardial segment (Ϸ2 ϫ 1 ϫ 1 cm) was dissected from the area at risk and scanned. Three-dimensional volume images were analyzed with Analyze in seven slices obtained at equal intervals in the subepicardium or subendocardium to calculate the spatial density and average diameters of myocardial microvessels (diameters 20 -500 m). Additionally, one to three intramyocardial arterioles and their branches were tomographically isolated in each pig and vessel tortuousity was determined, as previously shown (43).
Immunohistochemistry. To assess indexes of inflammation and vascular remodeling, the primary antibodies mouse anti-CD8 (1:20, Novocastra), anti-macrophage CD163 (1:20, Serotec), and anti-human ␣-smooth muscle actin (SMA; DakoCytomation) were incubated with deparaffined and rehydrated slides and detected by the avidin-biotin complex technique with the diaminobenzidine (DAB) chromogen (Vector) and hematoxylin counterstain. Quantitative analysis utilized a computer-aided image analysis program (MetaMorph, Meta-Imaging Series 6.3.2, Molecular Devices, Sunnyvale, CA) to calculate the fraction of positive stain for three random fields per slide. Inflammatory cell numbers were also normalized to the number of myocyte nuclei in the same section. Microvascular wall thickness and lumen diameter were measured and their ratio calculated (18) . In addition, capillary density was assessed in hematoxylin and eosin-stained sections under ϫ1,000 magnification as the ratio of capillaries to muscle fibers, as previously described (35, 40) .
Western blotting. Total proteins from heart lyses (100 g) were loaded onto 4 -15% SDS-polyacrylamide gel (Bio-Rad) and transferred onto polyvinylidene difluoride (PVDF) membrane (Millipore). The primary antibodies (rabbit IgG) used for blotting were anti-ZO-1 (1:1,000, Zymed), collagen I (1:1,000, Cosmo Bio), active and pro-MMP-9 (1:500, Millipore), notch1 (1:500, Novus), DLL4 (1:500, Novus), VEGF (1:200, Santa Cruz), FLK-1 (1:200, Santa Cruz), and bFGF (1:500, Millipore). GAPDH was blotted to confirm equal loading, except for active MMP-9 expression that was quantified relative to the pro-form.
Statistical analysis. All results are presented as means Ϯ SE. Analysis of variance (ANOVA) was used to evaluate differences among the groups, followed by an unpaired t-test with Bonferroni correction, while paired Student's t-tests were used to detect changes within groups (adenosine vs. baseline). P Յ 0.05 was considered significant.
RESULTS
After a 6-wk observation, the corresponding pigs developed significant degree of coronary stenosis (Table 1) , while no visible collaterals were observed and MAP was similarly increased in HT and CASϩHT compared with normal and CAS groups. PRA was similar among the groups (Table 1) . Heart rate in CASϩHT pigs was significantly increased compared with all other groups (P Ͻ 0.01). In response to adenosine, MAP significantly and similarly decreased in all groups (P Ͻ 0.05; Table 1 ) and heart rate increased significantly in all groups except for CASϩHT. LVMM was increased in HT and CASϩHT compared with normal (P Ͻ 0.01 and P ϭ 0.02, respectively; Table 1 ).
The ejection fraction that tended to be 12% lower in CAS compared with normal (P ϭ 0.06) was significantly lower in CASϩHT (by 17%, P ϭ 0.03 vs. normal; Table 1 ). Stroke volume decreased only in CASϩHT (Table 1 ). E-to-A ratio was significantly lower in CAS and HT compared with normal control animals (Ϫ31% and Ϫ37.5%, P ϭ 0.04 and P ϭ 0.008, respectively), while in CASϩHT the E/A was further lower than all other groups (Ϫ62.5% lower than normal, P Ͻ 0.03 for all groups), suggesting that diastolic dysfunction in CAS was aggravated by HT. Furthermore, systemic vascular resistance was significantly elevated in HT and CASϩHT (P ϭ 0.048 and P ϭ 0.033, respectively; Table 1 ), while in CAS the increase did not reach statistical significance (P ϭ 0.06; Table 1 ). In addition, the double product increased only in CASϩHT compared with normal, CAS, and HT ( Table 1 ), suggesting that coexistence of HT increased oxygen consumption and energy demand.
Coronary microvascular function. Myocardial perfusion in the lateral wall area at risk was similarly decreased in CAS and Ϫ1 , respectively, P Ͻ 0.05 vs. normal; Fig. 1B) . Furthermore, the degree of response to adenosine was significantly different compared with normal only in CAS (P ϭ 0.01, Fig. 1D ) but not in HT and CASϩHT. Therefore, HT attenuated a decrease in myocardial perfusion in CAS in response to adenosine.
Myocardial MP in this region was significantly increased in CASϩHT at baseline compared with normal and CAS (Fig.  1E ) but was not different from HT. Adenosine induced a significant increase in MP compared with baseline in both the CAS (ϩ49.3 Ϯ 14.7%, P ϭ 0.02) and HT (ϩ33.4 Ϯ 8.3%, P ϭ 0.004) groups, and these were also greater compared with the response in normal pigs (ϩ5.4 Ϯ 14.0%, both P Յ 0.03). In contrast, CASϩHT MP remained elevated and did not change any further (Fig. 1E) .
Microvascular density. The epicardial density of microvessels (20 -200 m in diameter) in the area at risk in CAS (225 Ϯ 89 vessels/cm 2 ) significantly decreased compared with all other groups (P Ͻ 0.05; Fig. 2 ), while endocardial microvascular density decreased only compared with normal (to 303 Ϯ 89 vessels/cm 2 , P ϭ 0.03; Fig. 2B ). In CASϩHT epicardial density also slightly decreased (430 Ϯ 37 vessels/cm 2 , P ϭ 0.04 compared with normal), but endocardial and transmural density remained similar to normal and higher than CAS (P ϭ 0.005 and P ϭ 0.01, respectively). The epicardial density of larger microvessels (200 -500 m) was slightly lower only in CAS compared with normal (P ϭ 0.04; Fig. 2C ). These observations were supported by a decrease in histological capillary density in CAS compared with normal, HT, and CASϩHT (Fig. 2D) .
In addition, microvascular tortuousity (dimensionless), which characterizes angiogenic vessels, was increased in CAS, HT, and CASϩHT compared with normal (1.8 Ϯ 0.3, 1.6 Ϯ 0.1, 1.5 Ϯ 0.1 and 1.1 Ϯ 0.02, respectively, P Ͻ 0.05 for all), suggesting new vessel formation. The average diameters of these microvessels were similar in normal, CAS, HT, and CASϩHT animals (95 Ϯ 8, 96 Ϯ 2.3, 99 Ϯ 3.5, and 112 Ϯ 13 m, respectively).
Inflammation, fibrosis, and remodeling. HT increased myocardial macrophage (CD163ϩ) and CD8ϩ T-cell infiltration (P ϭ 0.03 and P ϭ 0.003 vs. normal, respectively; Fig. 3 ). In the area at risk of CAS and CASϩHT, macrophages and T cells were also observed in myocardium and the perivascular area. Macrophage infiltration was significantly greater in both CAS and CASϩHT compared with normal (P ϭ 0.007 and P ϭ 0.0007, respectively; Fig. 3 ) and with HT (P ϭ 0.03 and P ϭ 0.009, respectively). Similarly, when normalized by the number of myocyte nuclei macrophage infiltration was increased in CAS and CASϩHT compared with normal and with HT (Fig. 3) . Moreover, CD8ϩ T-cell infiltration in CASϩHT pigs was greater than in either CAS or HT alone (P ϭ 0.01 and P Ͻ 0.001, respectively; Fig. 3 ), but when normalized by the number of myocyte nuclei CD8ϩ T-cell infiltration was increased only in CASϩHT compared with all other groups (Fig. 3) . Myocardial expression of collagen I increased in CAS and CASϩHT compared with normal and HT (P Յ 0.02 for all; Fig. 4 ), while MMP-9 expression was decreased only in CAS compared with normal (P ϭ 0.04). Trichrome staining showed that HT induced mild fibrosis (P ϭ 0.01 vs. normal; Fig. 5 ), while in CAS the percentage of fibrotic tissue at the risk area was higher than in normal and HT (P Ͻ 0.001 for both). Moreover, CASϩHT significantly increased lateral wall fibrosis compared with all other groups (Fig. 5) . Microvascular media-to-lumen ratio, an index of wall thickening, increased in HT compared with normal (P ϭ 0.002) and in CASϩHT compared with all groups (P Յ 0.001 for all; Fig. 5 ). The expression of ZO-1, the tight junction protein that regulates endothelial barrier function, was similarly upregulated in CAS and CASϩHT compared with normal (P ϭ 0.04 for both; Fig.  4 ) and tended to be higher than in HT (P ϭ 0.07 for both).
Vascular density regulation. VEGF expression similarly increased among the groups compared with normal, while bFGF, which tended to increase in CAS (P ϭ 0.06 vs. normal), was significantly upregulated in CASϩHT (P ϭ 0.02 vs. normal and P ϭ 0.01 vs. HT; Fig. 4) . In contrast, FLK-1 expression decreased only in CAS (P ϭ 0.04), while in HT and CASϩHT a slight decrease did not reach statistical significance. Notch-1 was upregulated in CASϩHT compared with normal (P ϭ 0.03) and HT (P ϭ 0.02; Fig. 4 ), but the expression of its receptor DLL4 was similar among the groups.
DISCUSSION
The present study shows that a chronic CAS impairs myocardial microvascular function and endothelial barrier integrity, but these microvascular functional attributes are not intensified by experimental renovascular HT, despite aggravated tissue remodeling (microvascular remodeling, perivascular inflammation, and myocardial fibrosis) in HT. The relatively minor incremental effect of HT on myocardial microvascular function in CAS might be due to relative preservation of microvascular density in the area at risk. Nevertheless, cardiac systolic and diastolic function declined compared with normotensive CAS, likely because of greater inflammation, fibrosis, systemic vascular resistance, and myocardial energy demands. These data suggest that coexistence of early HT and CAS aggravates cardiac functional and structural consequences of CAS, which the partial preservation of the myocardial microvasculature fails to prevent.
Chronic HT induces microvascular pathophysiological changes like resistance artery remodeling and peripheral capillary rarefaction that may contribute to HT and amplify its hemodynamic consequences. Myocardial microvascular dysfunction (26) and loss of structural integrity (18) are also frequently associated with HT, as well as with an upstream CAS (4). On the other hand, being a proinflammatory condition, early HT may elicit transient proliferation of microvessels (30, 41), which we have recently shown (40) can serve as recruitable collaterals and partly protect the myocardium from ischemia during acute coronary obstruction. However, because such microvessels are often anomalous (32) , it remained unclear how myocardial microcirculatory alterations in HT affect cardiac adaptation to superimposed chronic CAS. This study extends our previous observation (42) and shows that while concurrent HT preserved microvascular density and partly sustained myocardial microvascular function (e.g., myocardial perfusion response to adenosine) in chronic CAS, these were ineffective in preserving cardiac function because of the pronounced inflammation and interstitial fibrosis elicited by HT. Endothelial barrier function is important for maintaining vascular integrity and regulation of vascular tone. Interestingly, we observed that the LV lateral wall in CASϩHT increased basal MP that characterizes disruption of endothelial integrity (27) . Inflammatory mediators can increase barrier permeability by regulating the expression of and rearranging endothelial tight junction proteins (33) , resulting in increased leakage (16, 32) . In this study, we found in CAS and CASϩHT increased expression of the endothelial tight junction component ZO-1 that links the actin cytoskeleton and tight junctions (38) , which may imply tight junction reassembly reflecting disruption of endothelial barrier integrity (9, 18) . Furthermore, the increase in MP may account for the chronic inflammatory infiltration observed in both groups (32) . We found that HT exacerbated chronic inflammatory cell infiltration in CAS, particularly T cells. The slight disagreement between the cell counts when normalized to myocardial area versus number of myocyte nuclei might be secondary to interstitial expansion due to fibrosis or inadvertent inclusion of macrophages in the total nuclei count. Furthermore, we did not account for polyploidy, which may be present in hypertrophic myocytes, albeit rarely. Inflammatory cells in turn may produce cytokines, chemokines, and growth factors that further increase MP and perpetuate the vicious cycle of inflammation, microvascular dysfunction, and interstitial fibrosis. It is also likely that increased myocardial flow in CASϩHT increased shear stress, and thus might be in part responsible for disruption of endothelial barrier integrity and inflammatory cell filtration. However, subtle changes in barrier function may be disclosed only during challenges like increased cardiac demand (27) , as we observed in HT and distal to CAS during adenosine infusion.
As per the experimental model of 90% CAS, basal myocardial perfusion was lower than normal in CAS and CASϩHT, although the subendocardial-to-subepicardial perfusion ratio was unchanged, as we previously observed during early dis- ease (26 -28) . Nevertheless, while myocardial perfusion was not redistributed away from the endocardium, the increases in systemic vascular resistance and myocardial energy demands in CASϩHT compared with CAS might result in greater relative ischemia. In normal pigs adenosine also induces an increase in myocardial perfusion, which is blunted in HT (29), as we observed in the present study, in line with abnormal coronary flow reserve demonstrated in hypertensive patients (3, 15) . In both CAS and CASϩHT the area at risk myocardial perfusion did not respond to challenge. However, in CAS alone the degree of the response was significantly lower than normal (Fig. 1D ). These observations suggest that at its early stage HT superimposed on CAS offsets a decline in coronary flow reserve, which may partly protect microvascular function during chronic CAS and facilitate delivery of blood to the area at risk. The combination of anatomic assessment by micro-CT and histology with functional assessment of myocardial vascular function by fast CT allowed us to study the relation between microvascular anatomy and function. Microvascular rarefaction is commonly observed in advanced HT (1), while at its early phase myocardial microvascular density may initially be preserved (29, 40, 42) to support myocardial remodeling and evolving hypertrophy (26, 29, 42) . In the present study we observed in CAS a decrease in microvascular density, particularly of the resistance microvessels probably secondary to myocardial fibrosis and microvascular regression. In contrast, in CASϩHT microvascular density remained similar to normal, probably because of the coexisting HT, which tends to preserve it during development of LV hypertrophy. These microvessels may contribute to myocardial preconditioning during the progression of HT and partly protect the myocardium during acute insults (12, 42) .
The mechanisms responsible for preservation of microvascular density in HT and CASϩHT may be angiogenic. Coexistence of both CAS and HT increased not only VEGF but also bFGF, which is linked with HT (39) and has a synergistic effect with VEGF on angiogenesis (22) . In contrast, in normotensive CAS, decreased myocardial expression of the VEGF receptor Flk-1 may lead to altered or insufficient angiogenesis, as described in diabetic patients (31) . Interestingly, CASϩHT also increased expression of Notch-1, which is induced by VEGF and acts downstream to negatively regulate vessel growth (19, 34) . MMP-9 is also an important factor in angio- genesis (17, 37) , and its downregulation in CAS can interfere with angiogenesis. Nevertheless, rather than direct modulation of microvascular density, the increased coronary perfusion pressure secondary to HT might have also partly overcome the impedance of the obstruction and prevented microvascular regression. We also observed that the increased media-to-lumen ratio in HT was exacerbated in the lateral wall of CASϩHT, and may have been intensified by leukocyte infiltration (20) . Since microvascular diameter remained unchanged, outward remodeling and thickening of the media likely preceded luminal narrowing (29) . Furthermore, impaired vascular smooth muscle cell responses to cardiac challenge in HT can worsen microvascular dysfunction (15) . Indeed, while myocardial perfusion responses to challenge were slightly superior in HT and CASϩHT compared with CAS alone, they were blunted compared with baseline.
The present study shows that CAS and CASϩHT induced myocardial interstitial fibrosis, accompanied by amplified myocardial expression of collagen I, and in CAS also decreased myocardial expression of MMP-9, as observed in chronic diseases (13, 21) . This mechanism in CAS may exacerbate cardiac stiffness that leads to impaired diastolic and systolic function. Notably, the relative preservation of the microcirculation in the poststenotic territory in CASϩHT, which may serve to decrease the likelihood of acute ischemic events, did not prevent a decline in global cardiac function in this group. This might be due to microvascular dysfunction or cytokine activity exacerbated by HT in adjacent territories. In addition, the presence of HT imposes a significant increase in energy demand (estimated by the double product, a crude measure of oxygen consumption), which may subsequently aggravate deterioration of global cardiac function, despite preservation of microvascular density. The renin-angiotensin system might also participate in cardiac remodeling in HT, although the similarity of systemic PRA levels in the four groups argues against a major contribution of this system to the alterations we observed. Nevertheless, additional studies will be needed to interrogate activation of tissue components of the renin-angiotensin system in CASϩHT.
Limitations. In the present study we used relatively young animals, which may show greater potential for new vessel formation than adults. The female pigs were premenstrual, so that hormonal changes were unlikely to affect our results. CAS and HT were induced simultaneously, and their duration was shorter than that observed in patients, who often have chronic HT and multivessel coronary artery disease, limiting the clinical translation power of our observations. Alas, this exposure sufficed to illustrate that their coexistence has significant pathophysiological implications regarding the evolution of cardiac injury.
Summary. We observed that HT exacerbated myocardial inflammation, fibrosis, and vascular remodeling distal to CAS. These changes might modulate cardiac adaptive responses to superimposed chronic CAS and bear functional consequences. Interestingly, early HT also preserved microvascular density and function, which may partly and temporarily protect the myocardium at risk from acute ischemic insults. Nevertheless, global cardiac function in the setting of chronic CAS exhibited a greater decline in the presence of HT, indicating that microvascular preservation is not an effective long-term mechanism.
Moreover, subsequent microvascular loss associated with longterm HT and cardiac hypertrophy might further amplify the deleterious effects of HT on myocardial fibrosis, microvascular function, and cardiac diastolic and systolic function.
